Introduction
============

Spinal intradural arteriovenous fistulas (AVF) are rare spinal vascular malformations which are underdiagnosed and lead to progressive neurological dysfunction. Kim and Spetzler \[[@B1]\] have classified these AVF\'s within the intradural ventral AVF category and further subclassified them into type A, B, and C, depending on their size and arterial feeders. Filum terminale is a rare location for intradural arteriovenous fistulas to occur. To our knowledge 17 cases of filum terminale AVF (FTAVF) have been reported so far in the English literature ([Table 1](#T1){ref-type="table"}) \[[@B2],[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10],[@B11]\]. They present with progressive neurological signs and symptoms in the lower limbs with or without autonomic dysfunction. Diagnosis is frequently overlooked and delayed due to its rarity. A few cases have been misdiagnosed and operated for lumbar stenosis and disc prolapse resulting in a failed back surgery syndrome \[[@B6],[@B8]\]. Endovascular embolization, surgical disconnection of the fistula or a combination of both techniques have been described in their treatment with good outcomes \[[@B5],[@B10]\]. We are reporting a case of FTAVF, who was misdiagnosed and previously operated twice for lower lumbar degenerative disease and presented with progressive symptoms.

Case Report
===========

A 48-year-old male presented with history of intermittent low back pain radiating to both lower limbs for the past 11 years. Back pain was insidious in onset and was not getting relieved with analgesics and physiotherapy modalities. He underwent partial L4-L5 laminectomy in another centre in 2000 for lumbar canal stenosis. His symptoms partially subsided post surgery and then gradually progressed over the next few years. He underwent a re-exploration and completion L4-L5 laminectomy and discectomy in 2008. Post surgery, there was no improvement in his symptoms. He developed paresthesias in both lower limbs for the past 3 years, progressive weakness of both lower limbs with difficulty in walking over the past 2 years and increased frequency of micturition with incomplete voiding and constipation over the past year.

On examination, he was hemodynamically stable with normal higher mental functions. The upper limbs examination was normal. There was a spastic paraparesis of both lower limbs with wasting of the medial thigh and anterior thigh muscle groups. There were impaired sensations below the D10 level with absent joint position sense in the lower limbs. Knee and ankle reflexes were absent and plantars were extensor bilaterally. He had a spastic-ataxic gait. He had a healthy surgical scar over the lower lumbar midline region. A clinical diagnosis of dorsal myelopathy with mixed upper and lower motor neuron signs in the lower limbs was made and magnetic resonance imaging (MRI) of the dorsolumbar spine was ordered.

MRI of the dorso-lumbar spine showed dilated tortuous vessels with flow voids over the lower dorso-lumbar region with intramedullary, ill defined hyperintense signal abnormality in T2-weighted (T2-W) images from the D9 level downwards up to the conus medullaris ([Fig. 1](#F1){ref-type="fig"}). A subtle loss of cord calibre was also seen. Signal changes were enhancing on the contrast study. Postoperative changes were noted at the L4-L5 levels. A filum terminale lipoma was also noted at the L3-L4 level. As radiological features were suggestive of a spinal vascular malformation, a spinal angiogram was done, which showed a filum terminale AVF at the lower lumbosacral region, filling from a vessel starting at the D9 level on the ventral surface of the cord ([Fig. 2](#F2){ref-type="fig"}). Review of old images done in 2000 and 2008 also showed dilated tortuous vessels in T2-W MRI images, in addition to stenosis and disc bulge at the L4-L5 level ([Fig. 3](#F3){ref-type="fig"}). Our patient had Spetzler type A intradural ventral arteriovenous fistula, as the fistula was small and was fed by the single distal anterior spinal artery (ASA-filum terminale artery) and was draining in a single vein ([Table 2](#T2){ref-type="table"}).

In view of his clinical and radiological features, surgery was planned, and after consent, a re-exploration of lumbar spine was done. There was a pseudomeningocoele at the L5 level with thinned out dura. With microscope assisted visualization, a midline durotomy was done. On opening the dura, tortuous vessels were noticed around the roots, and two dominant vessels were noticed along the filum terminale ([Fig. 4](#F4){ref-type="fig"}). These vessels were followed along the filum till the lower end where a fistulous connection was noticed, and it was excised. There was a small lipoma at the end of the filum terminale, which was also excised. Tortuosity and calibre of the vessels around the roots decreased, following excision of the fistula. Primary duroplasty was done and was sealed with fibrin glue.

The lower limb spasticity reduced in the immediate postoperative period. Over the next few days of his hospital stay, he started having catheter sensation. He started walking without support 6 weeks later. After 3 months, urinary catheter was removed as he was found to have good bladder control. At the last follow up 1 year later, he was independent for all activities of daily living and was back to his job.

Discussion
==========

Filum terminale is an anatomical end structure of the spinal cord and is supplied by a filum terminale artery, which is a caudal extension of the anterior spinal artery \[[@B11]\]. FTAVF is a rare entity and literature review showed that only 17 cases have been reported so far ([Table 1](#T1){ref-type="table"}). Male to female ratio is 5:1 and the median age of presentation was 57.1 years, with youngest patient being 42 years and oldest patient being 70 years. All cases presented with progressive motor and sensory symptoms of both lower limbs with or without bladder incontinence. Seven cases, including ours, were also of failed back surgery syndrome ([Table 1](#T1){ref-type="table"}). The first two cases were reported by Mourier et al. \[[@B2]\] in 1993 and they classified them as Merland\'s type I. Lim et al. \[[@B10]\] have reported the largest series of 4 cases. The location, arterial supply, treatment modalities and outcomes have been summarized in [Table 1](#T1){ref-type="table"}.

The filum terminale artery arises from the termination of the anterior spinal axis, as caudal continuation of the ventral spinal artery, mostly the anterior spinal artery \[[@B10]\]. Djindjian et al. \[[@B12]\] also described the filum terminale artery as a continuation of the artery of Adamkiewicz, which after giving branches and doing anastomoses with posterior spinal artery at the level of conus, continues as a longitudinal artery on the ventral surface of the filum terminale. The filum terminale vein is also a single vein lying on the dorsal surface of filum terminale and connects extradural venous plexus of sacrum to the ventral vein of the spinal cord \[[@B10],[@B12]\]. Initially described as the intradural extramedullary spinal AV fistulas, filum terminale AVFs are congenital, as well as acquired in nature \[[@B3],[@B9],[@B11]\]. These fistulas are fed by the anterior spinal artery and drained usually in the single filum terminale vein, either cranially or caudally, although a case of complex venous drainage is reported recently \[[@B7],[@B10],[@B11]\].

FTAVFs are thought to be congenital, though cases of the acquired type are also reported in literature. Cases manifesting in adulthood with initial negative spinal angiograms have been reported and supports acquired etiology. The absence or loss of medullary veins leading to venous hypertension may have a role in clinical presentation of theses fistulas \[[@B3]\]. Our case had radiological evidence of an AVF prior to his first surgery, suggesting a congenital origin \[[@B8],[@B11]\].

Aminoff et al. \[[@B13]\] explains that high venous pressure, due to direct arterial flow without intervening capillary network, causes retrograde transmission of the pressure, which hampers the perfusion of the cord. Limited venous drainage is probably a requisite to develop venous hypertension \[[@B3],[@B13]\]. Type A fistulas, which are the slow type and have single feeder and single draining vein, do not cause significant cord compression, do not haemorrhage, and by definition, are not associated with venous ectasias. Venous hypertension theory can explain clinical features in type A fistulas \[[@B1],[@B3]\].

Merland classified perimedullary AVFs on the basis of anatomy, hemodynamic properties and angiographic features in three subtypes ([Table 2](#T2){ref-type="table"}) \[[@B2]\]. Spetzler has classified intradural AVFs in dorsal and ventral AVFs, and further subclassified ventral type AVFs into subclass type A, B, and C, depending on their size and arterial feeders ([Table 3](#T3){ref-type="table"}) \[[@B1]\]. Merlands type I AVFs have similar features, like Spetzler type A fistula with both having single feeder from terminal ASA located at the filum terminale, slow fistula draining into a single venous channel.

Radiological diagnosis is by magnetic resonance (MR) imaging along with MR angiography and confirmed with digital subtraction angiogram. Dilated tortuous vessels on the cord surface more on the dorsal surface, along with irregular intramedullary changes with cord oedema on T2-W and with diffuse enhancement on contrast administration is suggestive of arteriovenous fistula \[[@B14]\]. Modified T2-W sequences like constructive interference in steady state, fast imaging employing steady state acquisition, or three-dimensional turbo spin echo visualized the engorged vessels better and help in differentiating them from flow voids \[[@B14]\]. Spinal angiography is characterized by early venous filling when the segmental artery harbouring the A-V fistula is injected, while a delayed venous return is noticed on injecting anterior spinal artery. Delayed venous return indicates venous congestion \[[@B13]\].

These arteriovenous fistulae present with progressive asymmetrical lower limb signs and symptoms localized to conus medullaris or cauda equina ([Table 1](#T1){ref-type="table"}). A diagnosis of spinal AVF should be considered in young age patients when faced with asymmetric radiculomedullary symptoms of the progressive course \[[@B15]\]. Early diagnosis is important as neurological recovery depends upon preoperative status \[[@B8]\]. The neurological dysfunction is graded according to the modified Aminoff-Logue scale \[[@B16]\]. Misdiagnosis is common as high index of suspicion is necessary for the diagnosis and patient can present with progressive worsening after lumbar spine surgery \[[@B16]\]. The time from the initial symptoms to the diagnosis of FTAVF varies from 3 weeks to 18 years \[[@B3],[@B9]\].

Small ventral intradural AVFs (type A and B) are managed surgically, wherein disconnection of the venous outflow is easily achieved after adequate surgical exposure. Recently, a few case reports emphasize on the use of intraoperative dye for localizing the AVF \[[@B3],[@B5]\]. ASA branches have to be identified and preserved during excision of fistula to have a better outcome \[[@B1]\]. Filum terminale artery vascular integrity diminishes as it descends distally. Endovascular treatment in form of embolization may be associated with high risk of occlusion of ASA or its branches in FTAVFs \[[@B4]\].

Our case of FTAVF besides being a rare entity, also reinforces the need for proper clinical assessment and co-relating them with the radiological findings prior to making a surgical decision. The intradural A-V fistula was missed and the diagnosis was delayed for 11 years. Hyperintense signal changes in T2-W MRI in the spinal cord with dilated vessels in the subarachnoid space suggest a spinal vascular malformation, and a spinal angiography should be done to avoid a misdiagnosis.
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![Sagittal **(A)** and coronal **(B)** T2-weighted magnetic resonance imaging showing hyperintense intramedullary changes in the lower thoracic cord extending to the conus medullaris with superficial dilated tortuous vessels.](asj-8-365-g001){#F1}

![Spinal angiogram anteroposterior **(A)** and lateral **(B)** view showing two large calibre vessels with fistulous connection.](asj-8-365-g002){#F2}

![**(A)** Sagittal magnetic resonance imaging images done in 2008 showing dilated vessels in the subarachnoid space with evidence of previous surgery and **(B)** intramedullary signal changes in the lower thoracic spinal cord.](asj-8-365-g003){#F3}

![Intraoperative image showing two large calibre vessels along the filum terminale with prominent tortuous vessels over the cauda equina.](asj-8-365-g004){#F4}
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Summary of the filum terminale AV fistulas reported in literature
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AV, arterio-venous; S. no., serial number; M, male; F, female; ASA, anterior spinal artery; FBSS, failed back surgery syndrome; UMN, upper motor neuron; LMN, lower motor neuron.
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Merlands classification of perimedullary arteriovenous fistulas \[[@B2]\]
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ASA, anterior spinal artery; PSA, posterior spinal artery; AVF, arteriovenous fistula.
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Classification of arteriovenous lesions by Kim and Spetzler \[[@B1]\]
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